Abstract. Neuroblastoma is a pediatric tumor which can spontaneously regress or differentiate into a benign tumor. MYCN oncogene amplification occurs in 22% of neuroblastomas and is associated with poor prognosis. Retinoic acid (RA), a molecule able to induce differentiation and to decrease MYCN expression, is used in the therapy of neuroblastomas. The neuropeptide vasoactive intestinal peptide (VIP) is known to control proliferation or differentiation of numerous cancer cells. In vitro, VIP induces differentiation of neuroblastoma cells. To determine whether VIP could modulate MYCN expression, we carried out real-time quantitative RT-PCR and Western immunoblot analyses in human neuroblastoma SH-SY5Y and IMR-32 cells. The results indicated that VIP reduced MYCN mRNA and protein expression, especially in the MYCNamplified IMR-32 cells, with a maximal and transient decrease by ~50% after few hours of treatment with VIP at 10 -6 M. This effect was compared to that of RA at 10 -5 M, which induced a diminution of MYCN mRNA expression bỹ 25% after few days of treatment. This indicated that VIP and RA display complementary kinetics. Cotreatments showed that VIP and RA had synergistic effects on regulation of expression of MYCN proteins. VIP and RA cotreatments regulated also expression of two MYCN target genes, SKP2 and TP53INP1. These results suggest that VIP, in combination with RA may have a potential therapeutic benefit in neuroblastomas with MYCN amplification, a genetic abnormality associated with poor prognosis.
Introduction
Neuroblastomas are malignant tumors derived from neural crest. They represent the most common extracranial tumor of childhood. A particular feature of neuroblastomas is their clinical heterogeneity: some neuroblastomas can spontaneously regress or differentiate into a benign form, the ganglioneuroma, while others are not responsive to actual therapies. The 3-year survival ranges from 95%, for neuroblastomas with good prognosis, to only 30% for tumors with poor prognosis (1) . These different clinical behaviours can be explained in part by numerous genetic alterations which occur in neuroblastomas. Among these, a frequent abnormality is amplification of MYCN oncogene which is found in 22% of neuroblastomas (1) . This amplification is associated with advanced stage disease, rapid tumoral progression and poor prognosis (1, 2) . The role of MYCN in development of neuroblastomas is demonstrated in transgenic mice which overexpress MYCN in cells derived from neural crest and develop neuroblastomas (3) . In these animals, administration of MYCN antisense oligonucleotides reduces tumor incidence and tumoral mass (4) . MYCN belongs to the myc proto-oncogene family with MYCC and MYCL. The MYCN gene encodes two nuclear proteins of 65 and 67 kDa (5) which act as transcriptional activators after binding to the MAX protein (6) . In mice and chicken, MYCN is first expressed homogeneously in neural crest and next only in neuroblasts. After birth, MYCN expression decreases and is faintly detected in the adult brain (7) .
Vasoactive intestinal peptide (VIP) is a neuropeptide involved in numerous functions including control of proliferation and/or differentiation in normal and tumoral cells (8) . VIP is often present in neuroblastomas and its rate increases with the degree of differentiation of these tumors. A good prognosis is associated with VIP-secreting neuroblastomas (9) . Expression of high-affinity VIP receptors have long been reported in neuroblastoma cells (10) . In vitro, VIP-receptor system expression is stimulated during dibutyryl-cAMP (dbcAMP)-, phorbol ester-or retinoic acid (RA)-induced differentiation of neuroblastoma cells (11) . Furthermore, VIP is known to promote differentiation in these cells (12) (13) (14) . We have demonstrated that VIP INTERNATIONAL JOURNAL OF ONCOLOGY 33: 1081 ONCOLOGY 33: -1089 ONCOLOGY 33: , 2008 Vasoactive intestinal peptide decreases MYCN expression and synergizes with retinoic acid in a human MYCN-amplified neuroblastoma cell line induced neuritogenesis, a typical characteristic of neuronal differentiation, in the human neuroblastoma SH-SY5Y cell line (15) . In these cells, tetradecanoylphorbol 13-acetate (TPA)-or RA-induced differentiation is accompanied by a decreased MYCN expression (16, 17) . In the present study, we asked whether VIP-mediated differentiation is associated with a down-regulation of MYCN expression in SH-SY5Y cells and in another human neuroblastoma cell line, IMR-32. In the latter, VIP induces differentiation and proliferation arrest (13, 18) , but contrary to SH-SY5Y cells, IMR-32 is a MYCN-amplified cell line (19) . We also compared the effect of VIP on MYCN expression to that of RA, a differentiating agent known to reduce MYCN expression and used in the therapy of some neuroblastomas.
Materials and methods
Cell culture. SH-SY5Y and IMR-32 cells were routinely seeded at a density of 10 6 cells/25 cm 2 flask, in high glucose (4,500 mg/liter) Dulbecco's modified Eagle's medium (DMEM) with GlutaMAX™ I and sodium pyruvate (Invitrogen, Cergy Pontoise, France), supplemented with 10% fetal calf serum (FCS) and 100 U/ml penicillin and 100 μg/ml streptomycin (Invitrogen). Cells were incubated in a humidified 95% air, 5% CO 2 controlled atmosphere at 37˚C. Medium was changed every 3 or 4 days. Passages were performed once per week, using 1X trypsin/EDTA (Invitrogen).
Treatments. SH-SY5Y cells were seeded at a density of 3x10 6 cells/25 cm 2 flask in the medium described above and grown to subconfluence for 6 days with a renewal of medium on the third day. Serum-containing medium was then replaced with serum-free medium and cells were cultured for 7 days, with a renewal of serum-free medium on the fourth day. Before treatment, medium was changed for serum-free medium supplemented with 0.1% bovine serum albumin (BSA), fraction V (Invitrogen). The neuropeptide VIP (Neosystem, Stasbourg, France) was prediluted to 10 -6 M in serum-free medium containing 0.1% BSA. Cells were treated daily with VIP to a final concentration of 10 -8 M. An equal volume of medium with 0.1% BSA without neuropeptide was added to control cells.
IMR-32 cells were seeded at a density of 3x10 6 cells/25 cm 2 flask for 3 days in medium with 5% FCS, 100 U/ml penicillin and 100 μg/ml streptomycin. Before treatment, medium was changed and cells were treated daily with VIP (final concentration of 10 -6 M) and/or RA (Sigma-Aldrich, St Guentin-Fallavier, France) (final concentration of 10 -5 M), or glucagon (Neosystem) (final concentration of 10 -6 M). An equal volume of PBS and/or dimethylsulfoxide (DMSO) was added to control cells.
Micrographs of cells.
Video images of IMR-32 cells treated as above with VIP and/or RA for 48 h were captured using a digital camera connected to a phase-contrast Olympus microscope.
cDNA synthesis. Total RNA was isolated by using the GenElute™ Mammalian Total RNA kit (Sigma-Aldrich) following the manufacturer's instructions. Total RNA was quantified with GeneQuant II spectrophotometer (Pharmacia). Aliquots of total RNA were treated with 1 U/μg RNA of DNase I Amplification Grade (Invitrogen) according to the manufacturer's instructions, and in the presence of 10 U/μg RNA of RNaseOUT (Invitrogen). After DNase inactivation, RNA was reverse transcribed using random nonamers (SigmaAldrich) and M-MLV Reverse Transcriptase H Minus (Promega, Lyon, France) according to the manufacturer's instruction.
Real-time RT-PCR and quantification. Real-time RT-PCR was carried out with the LightCycler System (Roche Diagnostics, Meylan, France) by using the LightCycler-FastStart DNA Master SYBR-Green I kit as previously described (15) . GAPDH and ß-actin mRNA levels were used to normalize the mRNA levels between samples. Primers were designed with Primer3 software (http://www.genome.wi.mit.edu/cgibin/primer/primer3_www.cgi) except for GAPDH and ß-actin primers (20) and were as follows: (5'-3') MYCN forward: CGACCACAAGGCCCTCAGT, MYCN reverse: TGACCA CGTCGATTTCTTCCT, SKP2 forward: CTCCACGGCAT ACTGTCTCA, SKP2 reverse: GGGCAAATTCAGAGAAT CCA, TP53INP1 forward: CTTCCTCCAACCAAGAACCA, TP53INP1 reverse: GATGCCGGTAAACAGGAAAA. The cycle program for all amplified cDNA was: 5 sec at 95˚C, 5 sec at 60˚C for GAPDH and MYCN or at 65˚C for ß-actin, SKP2 and TP53INP1 and 10 sec at 72˚C.
Western immunoblot analysis.
After treatments, cells were harvested with 1X trypsin/EDTA, washed twice with cold PBS and resuspended in 10 μl per 10 6 cells of ice-cold lysis buffer [10 mM Tris, pH 7.5, 0.5 mM EDTA, pH 8.0, 0.5 mM dithiothreitol (DTT), 0.5% CHAPS, 10% glycerol] supplemented with 0.1 mM phenylmethylsulfonylfloride (PMSF) for SH-SY5Y cells and for IMR-32 cells with additional protease inhibitors (Sigma-Aldrich) containing 10 μg/ml aprotinin, 10 μg/ml leupeptin, 1 mM AEBSF, 1 μg/ml bestatin, 1 μg/ml antipain, 1 μg/ml pepstatin. After 30 min on ice, the samples were centrifuged at 4˚C for 20 min at 10,000 x g. For extraction of nuclear proteins, cells were resuspended in 1 ml per 5x10 6 cells of lysis buffer (10 mM Tris, pH 7.4, 3 mM MgCl 2 , 10 mM NaCl, 0.5% NP40). After 5 min on ice and centrifugation for 10 min at 2,000 x g at 4˚C, the pellet containing nuclei was resuspended in 30 μl per 5x10 6 cells of lysis buffer (20 mM HEPES, pH 7.9, 0.3 M NaCl, 1.5 mM MgCl 2 , 1 mM DTT, 1 mM PMSF and the same additional protease inhibitors mentioned above) and incubated 30 min on ice under vigorous shaking. Samples were then centrifuged 20 min at 10,000 x g at 4˚C. The supernatants were stored at -80˚C. Protein concentration was determined by using the Bio-Rad DC Protein Assay (Bio-Rad, Marnes la Coquette, France). Total and nuclear proteins were resolved in 8% SDS-PAGE and electroblotted for 1 h at 200 mA, onto Immobilon-P membranes (Millipore, St Quentin en Yveline, France). Total proteins on the membranes were detected by Coomassie blue staining. Membranes were blocked overnight at 4˚C, by using 5% nonfat milk in TBS containing 0.1% Tween-20 (TBST) and incubated for 1 h at room temperature with anti-MYCN antibodies diluted in blocking solution. The membranes were rinsed 3x10 min at room temperature in TBST, incubated for 1 h with the secondary antibody in 5% milk in TBST and again rinsed with TBST. Antibodies used were: anti-MYCN NCM II 100 (Calbiochem VWR, Fontenay sous Bois, France) 1:50 and secondary antibody anti-mouse IgG, H&L Chain Specific (goat) peroxidase conjugated (Calbiochem) 1:20000; or anti-MYCN C19 (Santa-Cruz, Santa Cruz, CA, USA) 1:200 and secondary antibody antirabbit IgG, H&L Chain Specific (goat) peroxidase conjugated (Calbiochem) 1:20000. These anti-MYCN antibodies were previously used in other studies (21, 22) . After a brief wash in TBS, bound antibodies were revealed by chemiluminescence with the ECL + detection system (Amersham Bioscience, GE Healthcare Europe GmbH, Orsay, France). The ECL and Coomassie blue stainings were quantified by densitometry with the VisioLab 2000™ image analyser (Biocom), with measures carried out independently by two investigators. The densitometric measurements of ECL staining were normalized to the corresponding Coomassie blue staining as loading control.
Statistical analyses. Statistical analyses were calculated using GraphPad Prism.
Results

VIP decreased MYCN mRNA expression in human neuroblastoma cell lines.
The effect of VIP on regulation of MYCN mRNA expression was studied by real-time quantitative RT-PCR in two human neuroblastoma cell lines, SH-SY5Y and IMR-32, which have 1.5 and 25 copies of MYCN oncogene per haploid genome, respectively (19) . SH-SY5Y and IMR-32 cells were treated with VIP for 0.5, 1, 6 and for 48 h with a daily treatment. We have previously shown that VIP induced neuritogenesis in serum-starved SH-SY5Y cells. The maximal effect was obtained with 10 -8 M VIP (15) . The same culture and treatment conditions were repeated here. Our results showed that MYCN mRNA expression was slightly reduced after 0.5-to 48-h treatments with VIP, with a statistically significant effect after 48 h (Fig. 1a) .
In IMR-32 cells, previous studies have indicated that VIP induced differentiation with a maximal effect on proliferation arrest at 10 -6 M (13,18). The same treatment conditions were used in the present study. The data from our experiments indicated that 1-and 6-h treatments with VIP decreased transiently and significantly MYCN mRNA expression by 53 and 32%, respectively (Fig. 1b) . These results were obtained with GAPDH mRNA as an internal reference. Comparable decreases were observed when ß-actin mRNA was used as another internal reference (data not shown).
To determine whether down-regulation of MYCN mRNA expression was specific to VIP, the effect of glucagon, a neuropeptide which belongs to the VIP family but which does not bind to the same receptors, was tested. IMR-32 cells were treated with glucagon at 10 -6 M and for 1 h because the maximal effect of VIP was observed after a 1-h treatment. The results showed that glucagon had no significant effect on MYCN mRNA expression in the IMR-32 cell line (Fig. 1c) .
Comparison of MYCN mRNA expression in control SH-SY5Y and IMR-32 cells indicated that MYCN mRNA was 26-fold more expressed in IMR-32 cells than in SH-SY5Y cells (data not shown).
VIP decreased expression of MYCN proteins in human neuroblastoma cell lines.
To determine whether VIP-induced down-regulation of MYCN mRNA expression was followed by a decreased expression of MYCN proteins, Western immunoblot analyses were carried out. Two different anti-MYCN antibodies were tested. The anti-MYCN NCM II 100 antibody (Fig. 2a) detected the expected 65 and 67 kDa proteins but also additional proteins in SH-SY5Y and IMR-32 cells. In the HeLa cell line, known to express trace amount of MYCN proteins (23) , only a faint expression of these 65 and 67 kDa proteins was observed and the additional proteins were as well represented as in neuroblastoma cells. In nuclear protein extracts from IMR-32 cells, only the 65 and 67 kDa proteins were present, in agreement with the known localization of this transcription factor. These two proteins were also detected with another anti-MYCN antibody (C-19) in the nuclear extract, together with smaller proteins faintly labelled (Fig. 2b) . The anti-MYCN NCM II 100 was used in the next Western immunoblotting experiments in which the 65 and 67 kDa proteins were analyzed by densitometry.
In comparison with control cells, expression of MYCN proteins decreased faintly and transiently in VIP-treated SH-SY5Y cells, with a maximal effect of 24% after a 3-h treatment which was not statistically significant (Fig. 2c) . In the IMR-32 cell line, VIP reduced expression of MYCN proteins from 3 h of treatment, with a maximal and statistically significant diminution of 54% after a 3-h treatment (Fig. 2d) . Thus, the faint or important down-regulation of MYCN mRNA expression observed in VIP-treated SH-SY5Y or IMR-32 cells, respectively, is followed by a reduction of expression of MYCN proteins, especially in IMR-32 cells which present a higher number of MYCN copies than SH-SY5Y cells. Hence, further experiments were focused on the IMR-32 cell line.
Comparison of effects of VIP and RA on cell morphology and on MYCN mRNA expression in IMR-32 cells. The well known differentiating agent RA has been reported to decrease MYCN expression in neuroblastoma cells after several days of treatment (17, 24) . However, little is known about the shortterm effects of RA on MYCN expression. To compare the action of VIP to that of RA, we tested two retinoid isomers: 9-cis RA (9-RA) and all-trans RA (at-RA), in the IMR-32 cell line. It was previously shown that these two isomers had different effects on expression of differentiation biomarkers in IMR-32 cells (25) . IMR-32 cells were treated daily with 9-RA or at-RA at 10 -5 M for 0.5, 1, 6, 48, 72 and 96 h. These molecules induced formation of cell aggregates and/or neuritic extensions, as previously described in RA-treated IMR-32 cells (13) . Compared to control cells (Fig. 3a) , a 48-h treatment with at-RA (Fig. 3e ) led only to formation of cell aggregates, while 9-RA (Fig. 3c) induced both cell aggregates and neuritogenesis. A 48-h treatment with VIP induced neuritogenesis (Fig. 3b) .
The effect of RA isomers on MYCN mRNA expression was then studied by real-time quantitative RT-PCR (Fig. 4a) . The data indicated that after a 0.5-h treatment, both RA isomers decreased MYCN mRNA expression by ~23%, an effect which could not be observed after 1 and 6 h of treatment. A statistically significant increased expression of MYCN mRNA was even induced after a 6-h treatment with 9-RA. After 48-and 72-h treatments, MYCN mRNA expression was reduced by both RA isomers with a maximal and statistically significant lowering of 30% after a 72-h treatment with 9-RA. After a 96-h treatment, MYCN mRNA expression was decreased only by at-RA. Thus, 9-RA and at-RA did not exactly display the same effects on MYCN mRNA expression.
To compare these results with those obtained for VIP treatment, the kinetic of VIP effect in IMR-32 cells shown in 
Effects of cotreatments with VIP and RA on cell morphology and on MYCN expression in IMR-32 cells.
We next studied the combined effects of the differentiating agents VIP and RA. IMR-32 cells were treated daily with VIP at 10 -6 M together with 9-RA or at-RA at 10 -5 M for 0.5, 1, 6, 48, 72 and 96 h. After 48 h of cotreatment, cells exhibited neuritic elongation (Fig. 3d and f) and formed aggregates but these latter were less well-delimited than those induced by RA alone.
The results of real-time quantitative RT-PCR showed that the association of VIP and RA led to a decrease of MYCN mRNA expression from 0.5 to 96 h (Fig. 4b) . Slightly higher effects were often observed with VIP/9-RA cotreatments compared with VIP/at-RA cotreatments, with at least a lowering of 30% for each time of treatment from 1 to 96 h and a maximal reduction of 48% after a 6-h treatment with VIP/9-RA stimulation. The reduction of MYCN/GAPDH mRNA level was confirmed by using the ß-actin mRNA to normalize MYCN mRNA level (data not shown). The combination of VIP and RA induced a decrease of MYCN mRNA expression which appeared early after the beginning of treatment, and was more lasting and more important than RA-or VIP-induced down-regulation, suggesting a synergy between VIP and RA. To determine whether VIP and RA could act in synergy to regulate expression of MYCN proteins, Western immunoblot analysis was performed. This analysis was carried out after 48 h, a treatment time after which VIP or RA alone had no or weak effect on MYCN mRNA expression, contrary to VIP/RA cotreatments which decreased MYCN mRNA level by ~40%. The data indicated that VIP or the RA isomers alone reduced expression of MYCN proteins by ~30% (25, 33 and 36% for VIP, 9-RA and at-RA, respectively), while cotreatments amplified this down-regulation, reaching 60% (55 and 59% for VIP/9-RA and VIP/at-RA, respectively) (Fig. 5 ). For comparison, the effect of a 3-h treatment with VIP which induced a maximal lowering of expression of MYCN proteins of 54% (Fig. 1b) is shown (Fig. 5a, lanes 1 and 2) . Thus, VIP and RA acted in synergy to decrease expression of MYCN proteins in the IMR-32 cell line after a 48-h treatment.
Effects of VIP and/or RA on expression of MYCN target genes in IMR-32 cells.
Finally, we tested whether the decrease in expression of the transcription factor MYCN induced by VIP/RA cotreatments affected expression of MYCN target genes. In a recent study, several genes involved in cell cycle were identified as being regulated by MYCN. This was shown in IMR-32 cells by microarrays after MYCN RNA interference and confirmed by real-time quantitative RT-PCR (26) . Among these genes, SKP2 (S-phase kinase-associated protein 2) was down-regulated early after the decrease in MYCN expression, while expression of TP53INP1 (tumor protein p53 inducible nuclear protein 1) was up-regulated late after MYCN knockdown. Thus we studied mRNA expression of SKP2 and TP53INP1 after 6-and 72-h treatments, respectively, in IMR-32 cells treated with VIP and/or RA. The data from real-time quantitative RT-PCR indicated that SKP2 mRNA expression was only slightly reduced after a 6-h treatment with VIP or RA alone (Fig. 6a) , whereas cotreatments induced a statistically significant lowering, with a maximal effect of 60% after VIP/9-RA cotreatment. Although reduced, this effect was still observed after a 48-h cotreatment at least for VIP/9-RA that decreased more efficiently the SKP2 mRNA level than 9-RA alone (Fig. 6b) . For TP53INP1, the data indicated that, after a 72-h treatment, VIP and RA alone or in cotreatment tended to elevate expression of this mRNA (Fig. 6c) . This effect was more important and statistically significant with cotreatments.
Compared to control cells, cotreatments increased TP53INP1 mRNA expression by ~2-fold.
Discussion
The data presented in this study indicate that, in the MYCNamplified IMR-32 cell line, VIP decreases MYCN expression at the mRNA and protein levels. Moreover, we found that VIP and RA had synergistic effects on regulation of expression of MYCN proteins and on two MYCN target genes, SKP2 and TP53INP1.
In the present study, we also studied the effect of VIP in the non-amplified SH-SY5Y cell line, for which the neuropeptide had little effect on MYCN expression. We observed that MYCN proteins are less expressed in SH-SY5Y cells than in IMR-32 cells, according to the MYCN mRNA level which is much higher in IMR-32 cells. This difference in MYCN expression level between these two cell lines is in quite a good agreement with the known number of MYCN gene copies: 1.5 and 25 per haploid genome, in SH-SY5Y and IMR-32 cells, respectively (19) . The limited effect of VIP observed in SH-SY5Y cells could be due to the faint level of MYCN expression in this cell line.
During RA-induced differentiation of neuroblastoma cells, morphological differentiation and cell cycle arrest follow the decrease in MYCN expression (27) . In IMR-32 cells, we showed that the effect of VIP on MYCN expression was rapid since a maximal down-regulation of MYCN mRNA occurred after a 1-h treatment, while neuritogenesis was well established after 48 h of stimulation. Thus, VIP, as well as RA, induced reduction in MYCN expression, which is an early event that precedes morphological differentiation.
In the IMR-32 cell line, we noted that 9-RA induced neuritogenesis and cell aggregates, whereas at-RA led only to formation of cell aggregates. These observations are in agreement with studies showing that 9-RA is more efficient than at-RA in promoting morphological differentiation in neuroblastoma cell lines (28) (29) (30) . In our experiments, this differential effect may be explained by expression of two classes of RA receptors in IMR-32 cells: RA receptors (RAR) and Retinoid X receptors (RXR) (25) . Formation of cell aggregates could be mediated by RAR, which bind both RA isomers tested, while neuritogenesis could involve 9-RA selective RXR.
At the molecular level, we observed that MYCN mRNA expression was first decreased after a 0.5-h treatment with 9-RA, next raised after a 6-h treatment and then was reduced again after 48 and 72 h of treatment. Thus, 9-RA has opposite effects on MYCN mRNA expression according to treatment time. Such observations indicated that complex regulation governs MYCN expression over time, suggesting the interest in studying short-and long-term effects of differentiating agents. Similar time-dependent effects of RA have already been shown in SH-SY5Y cells: after a 1-h treatment, invasion capacity is increased, while a 96-h treatment inhibits invasiveness (31) . In previous studies, RA-induced decrease of MYCN expression was generally studied after few days of treatment.
MYCN proteins are transcription factors which regulate expression of numerous genes. We tested two of these genes, SKP2 and TP53INP1. SKP2 belongs to the SCF spk2 complex which is responsible for polyubiquitylation of cell cycle inhibitors such as p21 WAF1 (32) . TP53INP1 induces cell cycle arrest in G1 phase and enhances p53-mediated apoptosis (33) . After MYCN RNA interference in IMR-32 cells, it was demonstrated that SKP2 mRNA expression was lowered by 50% and that TP53INP1 mRNA level was increased with a maximal effect of 7-fold (26) . In our experiments, a comparable reduction of SKP2 mRNA expression was induced by VIP and RA cotreatments. Stimulation of TP53INP1 mRNA expression was also induced in our VIP and RA cotreatments but with a maximal increase by only 2-fold, which is clearly less than the 7-fold observed after MYCN knockdown (26) . This could be due to the fact that VIP and RA could have effects on multiple pathways and transcription factors regulating TP53INP1 expression. We also tested MDM2 expression, previously shown as another MYCN target gene, whose product prevents p53-mediated apoptosis (34) . MDM2 mRNA expression was unchanged in our experiments (data not shown). This is in agreement with recent studies in which no variation of MDM2 expression was found after MYCN knockdown (26, 35) .
Some studies have shown that the differentiating effect of RA can be enhanced when RA is used in combination with molecules such as histone deacetylase inhibitors or interferon-γ (36, 37) . A potentiating effect of RA and VIP has already been shown on tissue transglutaminase activity which is associated with apoptosis in neuroblastoma cells (38) . Here, we report that this synergy between RA and VIP could also affect the expression of MYCN proteins and of SKP2 and TP53INP1 mRNA. Such synergistic effects could be related to studies demonstrating that VIP and RA systems are linked. Indeed, in the neuroblastoma cell lines, RA treatment stimulates VIP expression and increases the number of functional VIP binding sites (12, 39) . Furthermore, in the neuroblastoma SK-N-SH cell line, overexpression of the VIP receptor type VPAC1 results in an increased RA receptor expression (40) .
The VIP-receptor system is involved in control of either proliferation or differentiation, depending on the type of cancer cells considered (8) . Numerous studies allow the proposal that VIP or antagonists of this peptide could exhibit a therapeutic interest in various cancers. For example, VIP decreases growth of human small cell lung cancer cells in vitro and in vivo in mice (41) , whereas VIP-antagonists lower growth of human ovarian or prostatic cancer cells in vivo in mice (42, 43) . Moreover, other VIP-antagonists reduce or delay development of colon or mammary cancers in animal models of carcinogenesis induced chemically or genetically (44, 45) . It was also observed that a VIP-antagonist enhances the effects of chemotherapeutic drugs in vitro and in vivo (46, 47) . The present in vitro study, which demonstrated that VIP in association with RA decreased expression of MYCN proteins in a synergistic manner, extends the potential therapeutic interest of this neuropeptide to neuroblastoma cells with MYCN amplification, a genetic abnormality associated with poor prognosis in this type of cancer.
